We have synthesized the polycrystalline samples of Eu 1-x K x Fe 2 As 2 (x = 0-1) and carried out systematic characterization using x-ray diffraction, ac & dc magnetic susceptibility, and electrical resistivity measurements. We have seen a clear signature of the coexistence of superconducting transition (T c = 5.5 K) with SDW ordering in our under doped sample viz. x = 0.15. The spin density wave transition observed in EuFe 2 As 2 get completely suppressed at x = 0.3 and superconductivity arises below 20 K. Superconducting transition temperature T c increases with increase in K content and a maximum T c = 33 K is reached for x = 0.5, beyond which it decreases again. The doping dependent T(x) phase diagram is extracted from the magnetic and electrical transport data. It is found that magnetic ordering of Eu-moments coexists with superconductivity up to x = 0.6. The isothermal magnetization data taken at 2 K for the doped samples suggest 2+ valence states of Eu ions. We also present the temperature dependence of the lower critical field H c1 of superconducting polycrystalline samples. The value of H c1 (0) obtained for x = 0.3, 0.5, and 0.7 after taking the demagnetization factor into account is 248, 385, and 250 Oe , respectively. The London penetration depth λ(T) calculated from the lower critical field does not show exponential behaviour at low temperature, as would be expected for a fully gapped clean s-wave superconductor. In contrast, it shows a T 2 power-law feature down to T = 0.4 T c , as observed in Ba 1−x K x Fe 2 As 2 and BaFe 2−x Co x As 2 .
Introduction
Interplay between magnetism and superconductivity has been an exciting and very active area of research in condensed matter physics community since last few decades. It was predicted by Ginzburg et al . that long range ferromagnetism (FM) can not persist with superconductivity (SC) while antiferromagnetism (AFM) could coexist with SC [1] . The coexistence of superconductivity and magnetism was observed in ternary and quaternary intermetallic compounds RMo 6 S 8 , RRh 4 B 4 and RNi 2 B 2 C (R = rare earth), respectively [2, 3] . Among the rare earth borocarbides, the re-entrant antiferromagnetic superconductor HoNi 2 B 2 C exhibits an exotic interplay of superconductivity and magnetism. It becomes superconducting at ~ 7.5 K, re-enters the normal conducting state at 5 K, and recovers superconductivity at lower temperature [3] . The interplay between magnetism and superconductivity and the coexistence of two is still a mysterious topic.
The recent discovery of superconductivity (SC) in new Fe-based systems by doping the magnetic parent compound with electrons or holes or by applying pressure and thereby, suppressing the magnetic order, has activated intense research [4] . Among the A-122 series (A= Eu, Sr, Ba, Ca), EuFe 2 As 2 is an interesting candidate to investigate because it contains two different magnetic atoms. In addition to the Fe sub-lattice, the Eu sub-lattice consists of Eu 2+ ions with large magnetic moment (7μ B /fu) [5] . Eu 2+ spins order ferromagnetically within the abplane while A-type antiferromagnetism is observed along the c-axis. The Fe sub-lattice exhibits long-range spin density wave (SDW) ordering accompanied and/or followed by the tetragonal to orthorhombic structural transition below 190 K, whereas the Eu lattice exhibits an antiferromagnetic ordering at T N = 19 K [5] . Thus EuFe 2 As 2 presents a good example to study the interaction between superconductivity and magnetic ordering of Eu 2+ moments. The interplay of pressure-induced superconductivity and the Eu 2+ order in this compound leads to a re-entrant behaviour similar to as observed in RNi 2 B 2 C [6] . Superconductivity can be induced in EuFe 2 As 2 by substitution of K for Eu [7] or by P-doping on As site [8] . The coexistence of Eu 2+ short range ordering and superconductivity has been observed in Eu 0.5 K 0.5 Fe 2 As 2 as verified by Eu
Mossbauer spectroscopy [7] . Also the coexistence of ferromagnetism and superconductivity with a re-entrant type feature has been observed in EuFe 2 As 1.6 P 0.4 below 20 K [8] .
In this paper, we have characterized the well prepared Eu 1-x K x Fe 2 As 2 (x = 0-1) polycrystalline samples through various experimental techniques. We systematically measure the magnetic and transport properties to study the superconductivity and magnetism in the K-doped EuFe 2 As 2. The results are presented in the form of a T-x phase diagram. The doping dependent phase diagram has been reported in the literature for A 1−x K x Fe 2 As 2 (A=Ba, Sr) and the coexistence of SDW state and structural transition with superconductivity was observed in a narrow temperature range [9, 10] . For the 1111-FeAs systems the coexistence of magnetic ordering and superconductivity has been observed only for R = Sm, while for other rare earths viz. R = La, Pr, Ce the onset of superconductivity appears at a concentration where magnetic transition get suppressed completely [11] . We have also determined the lower critical field H c1
and superfluid density for various samples and found that the London penetration depth deviates from the exponential behaviour and follows power law behaviour at low temperatures. A lot of experiments have been carried out to determine the pairing symmetry in FeAs based superconductors but the exact nature of pairing mechanism is not yet settled in any system. The power law behaviour of penetration depth at low temperature has been observed for Ba 1−x K x Fe 2 As 2 [12] and BaFe 2-x Co x As 2 [13] which has been proposed to be due to the unconventional s ± state. In contrast, the microwave measurements in Ba 1−x K x Fe 2 As 2 suggest a fully gapped state with two gaps [14] , whereas μSR measurements show a linear temperature dependence suggesting a nodal gap [15] . Similar contradictory results have been reported for other FeAs based superconducting systems.
Experimental details
The polycrystalline samples of Eu 1-x K x Fe 2 As 2 (x = 0-1) were prepared by solid state reaction.
High purity elements were taken in stoichiometric ratio inside an alumina crucible which was sealed in a tantalum crucible under argon atmosphere to minimize the loss of potassium by vaporization. The latter was finally sealed inside an evacuated quartz ampoule and subsequently kept under the first heat treatment as described in [7] . The preheated product was grounded thoroughly and pressed into pellets and annealed at 900°C for 5 days. All the sample handling was done inside a glove box filled with argon atmosphere. The samples were characterized by powder x-ray diffraction with Cu K α radiation to determine the single phase nature and crystal structure. Scanning electron microscope (SEM) equipped with energy dispersive x-ray analysis (EDAX) was used to check the homogeneity and composition of the samples. Low field magnetic measurements were performed in superconducting quantum interference device (SQUID, Quantum design) magnetometer and high field measurements were done using vibrating sample magnetometer (VSM, oxford instruments). Resistivity measurements were carried out using standard four probe technique in a liquid helium cryogen. x. The values of lattice parameters for pure KFe 2 As 2 are taken from the literature [10] . Minority phase(s) detected in our samples from the un-indexed XRD peaks and SEM is less than 5 %.
Compositional ratios and homogeneity of the samples were confirmed by EDAX. We fitted the low temperature part of the resistivity curves above T c up to 100 K to a power law ρ(T) = ρ 0 +AT n and the corresponding fitted parameters A and n are plotted in Fig. 3 . Initially, the exponent n decreases with increase in x and approaches a value of n = 1 for x c = 0.5. For x > 0.5 the value of the exponent start to increase and approaches a value of n = 2. Thus, we see a clear crossover from Fermi to non Fermi liquid behaviour as we go towards the critical doping x c = 0.5. Similar crossover and linear T-dependence of resistivity near the critical doping level was also observed in K-doped SrFe 2 As 2 and BaFe 2 As 2 systems [17] . The deviation from the Fermi liquid behaviour has been observed in the transport properties of various heavy fermion systems in the regime of quantum criticality and was proposed to be due to the dominance of spin fluctuations in the electrical transport [18] . To confirm the superconductivity in our samples we did the low field dc magnetization below 45 K. In Fig. 4 , we show the temperature dependence of zero filed cooled (ZFC) and field cooled The value of H c1 can also be calculated using the relation between the first penetration field H c1 * and lower critical field H c1 as given by Brandt [19] . It was shown that for a rectangular shaped sample lower critical field, Δλ(T) has been observed for high quality single crystals of YBCO, and BSCCO-2212 etc [22, 23] . However large impurity scattering rate can change the temperature dependence of Δλ(T) from T to T 2 due to an additional quasi-particle density of states [24] . Other factor which could lead to Δλ(T) ~ T 2 dependence even in the clean limit is the non-locality. The nonlocal effects dominate at low temperatures leading to divergence of effective coherence length near the nodes and hence the deviation of Δλ(T) from the linear behaviour [25] . The crossover temperature below which the nonlocal effects occurs is given by T * = (ξ 0 /λ 0 )∆ 0 , where ξ 0 is the coherence length. The nonlocal temperature T * is estimated to be ≈ 1-2 K for our Eu 0.5 K 0.5 Fe 2 As 2 sample with T c = 32 K and ξ 0 = 18 Å [7] . However the quadratic temperature dependence of Δλ(T) is observed up to 12 K (see inset of Fig. 9b ). Thus the nonlocal effects can be completely neglected and hence the impurity scattering could be the main mechanism responsible for the observed T 
where x is the relative weight factor for the first gap, ∆ a [26, 14] . For a single gap conventional superconductor the superfluid density ρ s (T) is given by Eu 0.5 K 0.5 Fe 2 As 2 , the non-exponential behaviour of superfluid density and a power law behaviour for λ(T) at low temperatures as described above requires an unconventional order parameter. The temperature dependence of the superfluid density also depends on the quality of samples as observed in Ba x K 1-x Fe 2 As 2 single crystals [14] . It is observed that the superfluid density shows exponential behaviour consistent with fully opened two gaps for the cleanest sample while the samples with large scattering rate leads to strong temperature dependence with power law behaviour at low temperatures.
Conclusion
In conclusion, we have synthesized a series of layered Eu 1−x K x Fe 2 As 2 (x = 0-1) compounds by solid state reaction and investigated the doping dependence of magnetic and transport properties. 
